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has  been  extensively  instrumented  with  stress,  strain  and  motion 
sensors.  These  have  been  modified  for  the  Third  Season  of  data 
acquisition  to  emphasize  measurement  of  hatch  corner  and  bow 
sideshell  strains.  Much  of  the  previous  instrumentation  inven- 
tory, including  a wave  height  radar  and  Tucker  wave  meter,  has 
also  been  employed  in  the  Third  Season.  This  report  contains  a 
summary  of  the  recorded  data,  examples  of  the  analog  records, 
a catalog  of  the  data  formats  and  a listing  of  the  available 
data  intervals.  Some  analysis  of  the  data  is  also  reported 
including  midship  bending  stresses  encompassing  all  three  data 
seasons. 

Data  collection  for  the  third  season  began  with  the  west- 
bound North  Atlantic  voyage  59  on  January  17,  1975  and  terminated 
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This  report  is  one  of  a group  of  Ship  Structure  Committee  Reports 
which  describes  the  SL-7  Instrumentation  Program.  This  program,  a jointly 
funded  undertaking  of  Sea-Land  Service,  Inc.,  the  American  Bureau  of  Shipping 
and  the  Ship  Structure  Committee,  represents  an  excellent  example  of  coop- 
eration between  private  industry,  regulatory  authority  and  government.  The 
goal  of  the  program  is  to  advance  understanding  of  the  performance  of  ships' 
hull  structures  and  the  effectiveness  of  the  analytical  and  experimental 
methods  used  in  their  design.  While  the  experiments  and  analyses  of  the 
program  are  keyed  to  the  SL-7  Containership  and  a considerable  body  of  the  data 
will  be  developed  relating  specifically  to  that  ship,  the  conclusions  of  the 
program  will  be  completely  general,  and  thus  applicable  to  any  surface  ship 


structure. 


The  program  includes  measurement  of  hull  stresses,  accelerations 
and  environmental  and  operating  data  on  the  S.  S.  Sea-Land  McLaan,  development 
and  installation  of  a microwave  radar  wavemeter  for  measuring  the  seaway 
encountered  by  the  vessel,  a wave  tank  model  study  and  a theoretical  hydro- 
dynamic  analysis  which  relate  to  the  wave  induced  loads,  a structural  model 
study  and  a finite  element  structural  analysis  which  relate  to  the  structural 
response,  and  Installation  of  long  term  stress  recorders  on  each  of  the  eight 
vessels  of  the  class.  In  addition,  work  is  underway  to  develop  the  initial 
correlations  of  the  results  of  the  several  program  elements. 

Results  of  each  of  the  program  elements  will  be  published  as  Ship 
Structure  Committee  Reports  and  each  of  the  reports  relating  to  this  program 
will  be  identified  by  an  SL-  designation  along  with  the  usual  SSC-  number. 

A list  of  all  of  the  SL  reports  published  to  date  is  Included  on  the  back 
cover  of  this  report. 

This  report  contains  a portion  of  the  data  with  a preliminary  discussion 
and  evaluation  of  the  third  season  of  data  collection  from  17  January  1975  to 
17  March  1975.  The  instrumentation  was  modified  this  season  to  emphasize 
hatch  corner  and  bow  side  shell  strains.  The  basic  instrumentation  of 
prior  seasons  was  retained.  Please  refer  to  the  outside  rear  cover  for 
ordering  information  on  the  reports  from  the  first  two  seasons  numbered 
SL-7-8  and  SL-7-9. 
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ABSTRACT 


One  of  the  class  of  eight  SL-7  high  speed  containerships 
has  been  extensively  instrumented  with  stress,  strain  and  motion 
sensors.  These  have  been  modified  for  the  Third  Season  of  data 
acquisition  to  emphasize  measurement  of  hatch  corner  and  bow 
sideshell  strains.  Much  of  the  previous  instrumentation  inven- 
tory, including  a wave  height  radar  and  Tucker  wave  meter,  has 
also  been  employed  in  the  Third  Season.  This  report  contains  a 
summary  of  the  recorded  data,  examples  of  the  analog  records, 
a catalog  of  the  data  formats  and  a listing  of  the  available 
data  intervals.  Some  analysis  of  the  data  is  also  reported 
including  midship  bending  stresses  encompassing  all  three  data 
seasons . 

Data  collection  for  the  third  season  began  with  the  west- 
bound North  Atlantic  voyage  59  on  January  17,  1975  and  terminated 
with  westbound  voyage  61  on  March  17,  1975. 
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I. 


INTRODUCTION 


The  S.S.  SEA-LAND  McLEAN  is  the  first  of  the  new  SL-7  class  of  high-speed 
containerships.  Characteristics  of  the  vessel  are  given  in  Table  I,  and  the  vessel 
is  shown  in  the  photograph  of  Figure  1.  A multifaceted  program  of  analysis  and 
experiments,  coordinated  by  the  SL-7  Program  Advisory  Committee  of  the  National 
Academy  of  Sciences--National  Research  Council,  has  been  instituted  to  study  this 
ship's  structure  and  its  responses  to  imposed  loading.  One  important  facet  of  this 
program  is  the  collection  of  data  on  structural  and  dynamic  responses  of  the  actual 
(i.e.,  full-scale)  ship's  structure.  This  is  being  accomplished  by  an  on-board 
instrumentation  system  with  sensors  located  throughout  the  vessel  measuring  strains, 
stresses,  accelerations,  various  sea  characteristics  and  ship  operating  parameters. 
Presented  in  this  report  is  a summary  of  the  data  gathered  during  the  third  season 
of  operation  on  North  Atlantic  Voyages  59-61  during  the  period  17  January  1975  to 
17  March  1975. 

Data  acquired  during  the  first  season  were  presented  in  Reference  1,  which 
covered  Voyages  1 to  12  on  the  North  Atlantic  during  the  period  8 October  1972  to 
5 April  1973.  A total  of  80  data  tapes  were  recorded  containing  over  50,000  sensor 
data  intervals  from  more  than  100  transducers.  The  report  included  a description 
of  the  digitized  data,  correlations  of  stresses  with  sea  state,  simultaneous  re- 
sponse data  from  all  transducers  during  selected  portions  of  a rough  voyage,  and  a 
consideration  of  torsional  responses.  Data  were  reported  in  a number  of  forms, 
including  expanded  time-histories,  logbook  tabulations,  tabulations  of  maximum 
values  scaled  from  compressed  time-histories,  and  plots  derived  from  parametric 
studies  of  digitized  response  and  logbook  data. 

Data  acquired  during  the  second  season  were  presented  in  Reference  2,  which 
covered  Voyages  25-38  on  the  North  Atlantic  during  the  period  22  September  1973  to 
31  March  1974.  A total  of  94  data  tapes  were  recorded  containing  over  60,000 
sensor  data  intervals  from  more  than  100  transducers.  Except  for  some  minor 
changes,  the  arrangement  of  the  transducers  was  identical  to  that  employed  during 
the  first  season.  A major  slam  event  was  experienced  during  the  second  season 
while  the  ship  was  at  very  slow  speed.  These  data  were  reported  in  the  form  of 
analog  plots,  tables  of  maximum  recorded  values,  and  expanded  time-histories  in 
addition  to  presentations  similar  to  those  made  for  the  first  season. 

A significant  amount  of  new  strain  gage  instrumentation  was  installed  for 
the  third  season  data  acquisition  program.  The  location  of  this  gaging  was  based 
on  observations  of  damage  incurred  in  the  first  two  years  of  vessel  operation. 
Specifically,  radial  cracks  from  the  forward  and  some  aft  hatch  corners  and  green 
water  set-down  of  the  forecastle  and  bow  flare  plating  had  been  experienced.  In 
an  attempt  to  characterize  the  loading  in  these  areas,  additional  strain  gages 
were  added.  All  new  instrumentation  was  assigned  to  Recorder  No.  2 while  keeping 
the  Recorder  No.  1 assignments  similar  to  those  used  in  the  second  data  acquisi- 
tion season.  All  primary  data  (i.e.,  horizontal  and  vertical  bending,  pitch, 
roll,  etc.)  including  those  signals  required  to  extract  the  wave  height  data  from 
the  slant  range  radar  signal,  are  collected  on  Recorder  No.  1,  the  same  signal 
being  recorded  on  the  same  channel  in  each  interval.  In  contrast,  four  signals 
are  recorded  on  each  channel  of  Recorder  No.  2,  one  in  each  of  the  four  sequential 
modes.  These  assignments  are  further  discussed  in  this  report. 
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A detailed  description  of  the  instrumentation  system  has  been  published  pre- 
viously in  Reference  3,  and  the  calibration  of  the  McLEAN  is  reported  in  Reference 

4. 


The  purpose  of  this  document  is  to  present  some  of  the  more  significant 
trends  derived  from  Third  Season  data  and  to  serve  an  an  index  for  the  retrieval 
of  data,  in  the  various  formats  available,  for  further  analysis  and  correlation. 
As  such,  it  is  not  intended  that  all  possible  data  correlations  or  even  that  all 
raw  data  be  reported  herein,  since  much  of  the  data  is  available  only  in  FM  mag- 
netic tape  format.  This  analysis  task  is  part  of  the  overall  SL-7  program  and  is 
identified  as  SR-211. 

II.  CONCLUSIONS 


The  following  conclusions  are  based  on  the  review  of  Thira  Season  data  and 
data  reduction  and  statistics  as  completed  to  date  and  presented  in  this  report: 

1.  The  highest  peak-to-trough  stress  measured  was  79  Ksi  on  the  forward 
hatch  corner  circumferential  gage  (F^B). 

2.  The  hatch  corners  exhibit  high  stresses  (especially  in  quartering  seas) 
even  under  moderate  wave  conditions. 

3.  A correlation  exists  between  the  midship  torsional  stress  and  the  circum- 
ferential hatch  corner  stress. 

4.  For  the  environmental  conditions  encountered  (Beaufort  No.  9,  or  less), 
sideshell  stresses  were  relatively  low  and  almost  unidirectional  in  ten- 
sion, indicating  relatively  low  impact  loading. 

5.  The  environmental  conditions  encountered  during  the  Third  Season,  as 
indicated  by  the  Beaufort  Number  distribution,  were  less  severe  than  the 
yearly  average  for  the  mid-North  Atlantic. 

III.  INSTRUMENTATION  SYSTEM 

The  basic  instrumentation  system  has  been  described  fully  in  previous  reports 
(see  References  1,  2 and  3).  Described  herein  are  the  changes  incorporated  for 
the  Third  Season  and  the  channel  assignments  and  formats  used  in  the  data  acquisi- 
tion. 


A.  Added  Instrumentation 

A significant  amount  of  new  instrumentation  was  installed  for  Third 
Season  data  acquisition.  Only  minor  revisions  were  made  on  the  Recorder  No.  1 
inputs,  but  all  modes  of  Recorder  No.  2 inputs  represent  reassigned  or  newly- 
installed  strain  gages.  In  order  to  allow  for  correlations  between  various  regions 
of  the  bow,  the  modes  were  structured  to  have  overlapping  recording  periods. 

Table  II  lists  the  various  groups  of  gages  recorded  in  each  mode. 

1 . Bow  Sideshel 1 


Single-element  weldable  strain  gages  were  installed  along  the  longi- 
tudinal axes  of  selected  vertical  stiffeners  at  the  free  top  surface.  They  were 
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1. 


1 


located  on  central  stiffeners  between  major  frames  at  the  vertical  midpoint.  Gage 
locations  and  identification  are  shown  in  Figure  2. 

2.  Hatch  Corner 


Figure  3 shows  the  location  and  identification  of  strain  gages  at  the 
three  selected  hatch  corner  cutouts.  The  gages  at  Frame  144  were  mounted  during 
the  original  installation.  Although  the  rosette  (AR2)  was  recorded  during  the  first 
two  seasons,  the  Sy  gages  were  used  only  during  the  calibration  experiment.  (See 

R.-.'erence  4.)  At  Frame  258,  the  rosette  was  also  previously  used  but  the  hatch 
corner  gages  were  newly  installed.  At  Frame  290,  all  new  gages  were  installed  since 
the  rosette  at  this  location  had  been  damaged  during  the  course  of  structural  modi- 
fications in  this  area.  Rosette  identification  is  the  same  as  that  previously  used. 

Recording  of  the  hatch  corner  rim  gages  and  their  associated  rosette 
was  in  the  "D"  mode  of  each  index,  as  indicated  in  Table  II.  The  forward  corner 
gages  at  Frame  290  were  recorded  in  all  "D"  modes  and  Frame  144  or  Frame  258  gaging 
were  recorded  alternately  on  a daily  basis. 

3.  Forward  Dyadic  Array 

The  only  change  made  to  Recorder  No.  1 channel  assignments  was  the 
substitution  of  a forward  quarter  point  vertical  bending  transducer  for  the  forward 
shearing  stress  array  on  channel  13.  It  was  expected  that  useful  comparisons  could 
be  made  between  the  output  of  this  sensor  and  the  newly-installed  bow  gages.  Since 
the  gage  array  was  installed  only  during  the  Third  Season,  a vertical  bending  cali- 
bration is  not  available  for  it. 

B.  Recording  Format 

All  of  the  information  obtained  from  the  various  transducers  located 
throughout  the  vessel  was  recorded  on  two  14-track  analog  FM  tape  recorders  located 
in  the  instrumentation  room.  Recorder  No.  1,  designated  the  primary  recorder,  re- 
corded the  same  13  signals  whenever  it  was  placed  in  operation.  The  fourteenth 
channel  was  used  as  a noise  compensation  channel  during  reproduction. 

The  second  recorder  had  its  first  thirteen  channels  switched  through  four 
modes,  designated  A,  B,  C,  and  D.  Each  mode  was  recorded  for  thirty  minutes  se- 
quentially. Channel  14  was  again  used  as  a compensation  channel  in  all  modes. 

Each  30-minute  period  is  a data  "interval,"  and  is  assigned  an  interval  number. 

Any  particular  segment  of  data  can  thus  be  identified  by  referring  to  the  following 
nomenclature. 

1.  Tape  number--(All  odd  numbers  are  from  No.  1 Recorder  and  all  ever 
numbers  are  from  Recorder  No.  2.  Third  Season  analog  tapes  are 
numbered  from  201/202  to  233/234  inclusive.) 

2.  Voyage  number  and  direction  (E  = East,  W = West). 

3.  Index  number  (sequential  numbering  of  each  four-hour  logbook  entry 
accompanying  each  data  tape). 

4.  Channel  number  and  mode  letter  (Recorder  No.  2 only). 
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5.  Interval  number. 

By  specifying  "Tape  No.  202,  Voyage  59E,  Index  1,  Channel  1-A,  Interval  1"  a spe- 
cific 30-minute  data  interval  is  identified,  in  this  case  on  Recorder  No.  2. 

Each  interval  of  30  minutes,  whether  on  Recorder  No.  1 or  No.  2,  is  auto- 
matically preceded  by  a one-minute  electrical  zero  and  a one-minute  period  of  cali- 
bration signals.  A typical  data  interval  trace  is  presented  in  Figure  4. 

C.  Configuration  of  Transducers 
1 . Strain  Gage  Signals 

The  majority  of  the  transducers  used  in  this  system  are  obtained  from 
various  configurations  of  single-element  strain  gages  with  associated  bridge  com- 
pletion and  calibration  resistors.  These  gages  are  attached  by  spot-welding  to  the 
surface  of  various  hull  structural  elements.  Each  strain  gage  is  constructed  with 
inherent  temperature  compensation.  That  is,  if  the  gage  is  attached  to  a plate 
which  is  subsequently  warmed  (or  cooled)  but  is  otherwise  unrestrained,  no  change 
in  strain  will  be  indicated.  If  that  plate  is  now  restrained  from  expansion  due  to 
the  temperature  change,  a signal  associated  with  the  degree  of  restraining  stress 
generated  will  be  indicated  even  though  no  change  in  length  occurred.  Such  a re- 
straint is  generated,  for  example,  when  the  sun  warms  the  deck  or  upper  hull  girder 
while  the  lower  hull  is  in  cooler  water.  This  diurnal  variation  tends  to  induce 
compressive  deck  stresses  and  tensile  stresses  under  the  waterline  even  though  the 
displacement  tends  to  hog  the  ship. 

Sketches  sunriarizing  the  locations  of  the  strain  gage  sets  are  pre- 
sented in  Figures  5 and  6.  It  should  be  noted  that  the  single-element  strain  gages 
used  are  installed  in  various  configurations  which  have  different  properties.  These 
are  described  in  detail  in  Reference  3,  but  can  be  summarized  as  follows: 

a.  Single  element  (quarter  bridge)  - a single  strain  gage  element. 

Its  output  is  proportional  to  the  strain  along  the  element. 

b.  Dyadic  gage  - two  single  elements  at  an  angle  of  56°  to  each 
other  for  materials  such  as  steel  with  p = 0.28.  In  this  con- 
figuration the  output  is  proportional  to  the  stress  along  the 
axis  of  symmetry. 

c.  A dyadic  pair  of  gages  oriented  longitudinally  on  each  side  of 
the  ship,  each  pair  connected  to  one  arm  of  the  bridge  circuit. 
Depending  on  whether  the  arms  are  opposite  or  adjacent,  the  out- 
put of  this  arrangement  is  proportional  to  the  average  or  hori- 
zontal bending  stress. 

d.  Shear  gage  (half-bridge)  - two  single  elements  at  right  angles 

to  each  other.  The  output  is  proportional  to  the  shearing  stress 
along  the  axis  of  symmetry. 

e.  A shear  gage  half-bridge  on  each  side  of  the  ship  connected  to 
form  a full  bridge.  Depending  on  the  polarity  of  the  connection, 
the  output  is  proportional  to  the  vertical  or  torsional  shearing 
stress. 


f.  Rosette  - three  single  gage  elements,  each  at  a different  direc- 
tion, near  a point.  This  is  a special  case  of  the  single  element 
gage.  Each  signal  output  is  recorded  separately  and  simulta- 
neously. If  static  strains  are  added  these  readings  completely 
define  the  state  of  strain  (both  the  normal  and  shearing  strains, 
in  any  direction)  at  this  point.  In  the  McLEAN  installation,  the 
rosette  gage  elements  were  oriented  in  a longitudinal,  athwartship 
and  diagonal  (from  forward  port  to  aft  starboard)  direction. 

2.  Transducer  Signals 

In  addition  to  the  strain  gage  signals  discussed  above,  10  additional 
transducer  signals  are  provided  as  inputs  to  the  recording  system.  These  signals, 
consisting  of  eight  linear  accelerometers  and  two  angular  displacement  pendulums, 
are  fully  described  in  Table  III.  The  primary  function  of  these  signals  is  to  pro- 
vide a record  of  ship  motions  occurring  at  the  same  time  as  the  recorded  strain 
gage  information. 

3.  Rudder  Angle 

Although  in  previous  data  seasons  a multiplexed  signal  consisting  of 
various  ship  operating  parameters  was  recording  on  Channel  No.  10  of  Recorder  No.  1, 
in  the  Third  Season  this  was  restricted  to  rudder  angle. 

4.  Wave  Height  Radar 

The  Ocean  Wave  Height  Radar  System  (OWHRS)  developed  by  the  Naval 
Research  Laboratory  was  operational  for  part  of  the  third  season,  and  slant-range 
data  were  recorded.  The  transmitting  electronics  package  is  located  at  the  para- 
bolic antenna,  which  is  mounted  at  the  starboard  wing  of  the  bridge  and  adjusted  to 
look  down  at  the  water  surface  at  a fixed  angle  to  the  ship.  The  slant-range 
signal,  therefore,  contains  components  of  ship  motions,  particularly  rolling.  The 
reduction  of  these  data  to  absolute  wave  height  is  the  objective  of  a separate  pro- 
ject under  the  Ship  Structure  Committee. 

5.  Tucker  Wave  Meter  System 

A second  attempt  to  achieve  wave  data  has  been  made  in  this  program 
by  the  continued  inclusion  of  a Tucker  Wave  Meter  aboard  the  vessel.  This  British 
device,  which  consists  of  pressure  cells  and  accelerometers  mounted  both  port  and 
starboard,  was  installed  at  the  end  of  the  first  season's  operation.  Data  from 
this  instrument  is  to  be  compared  to  that  obtained  from  the  OWHRS. 

6.  Scratch  Gages 

Under  a separate  Ship  Structure  Committee  project  (SR-215,  "Extreme 
Stress  Data"),  mechanical  scratch  gages  have  been  installed  at  a midship  location 
on  all  eight  vessels  of  the  class,  the  device  consists  of  a simple  extensometer 
with  mechanical  amplification  which  causes  a stylus  to  mark  on  sensitive  paper. 

The  paper  is  advanced  once  every  four  hours  and  the  record  thus  obtained  shows  the 
maximum  positive  to  maximum  negative  excursion  of  the  stylus  in  a four-hour  period. 
One  scratch  gage  is  located  in  each  ship's  starboard  tunnel  near  the  midship  frame 
except  for  the  McLEAN,  which  has  one  scratch  gage  in  each  tunnel.  Data  tapes  are 
being  retained  by  Teledyne  as  part  of  the  SL-7  Data  Library. 
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7,  Logbook 

An  important  adjunct  to  the  data  recorded  on  the  two  magnetic  tape 
recorders  is  the  data  logbook  kept  by  the  instrumentation  observer.  Appendix  A con- 
tains a summary  of  logbook  entries.  Environmental  conditions  are  noted  here  along 
with  information  to  index  the  tape  recordings.  All  sea,  wind  and  wave  conditions 
reported  here  are  derived  from  this  source. 

8.  Quick-looks 

The  data  reduction  process  actually  begins  with  "quick-look"  playbacks 
made  aboard  the  ship.  Each  tape  is  played  back  on  an  oscillograph  at  a relatively 
high  speed,  with  a low  paper  speed.  This  produces  a compact  hard-copy  record  for 
review.  Signal  peaks,  relative  levels  and  overall  variations  may  be  judged  from 
these  records,  but  details  of  the  waveform  cannot  be  seen. 

To  summarize,  shipboard  data  gathering  produces  analog  magnetic  tapes 
of  the  recorded  data  from  two  tape  recorders  running  simultaneously.  In  addition, 
a manual  logbook  record  is  maintained  which  correlates  the  magnetic  tape  data  with 
the  conditions  existing  at  the  time  of  the  data  recording.  Quick-look  records  are 
also  produced  for  on-site  quality  control  purposes,  but  these  have  little  applica- 
tion to  most  data  analysis  procedures  except  for  scaling  an  overall  maximum  value 
for  each  interval. 

D.  Data  Analysis  Operations  at  TMR 

1 . Analog  Oscillographic  Records 

As  shown  in  Figure  7,  the  preponderance  of  data  reduction  takes  place 
after  the  recordings  are  removed  from  the  ship.  After  review  of  the  logbook  records 
and  taking  into  account  the  notes  of  the  on-board  observer,  certain  sections  of  data 
are  played  back  onto  oscillographic  records.  Details  of  this  operation  depend  on 
the  type  of  analysis  being  done;  it  may  be  desired  to  compare  one  channel  relative 
to  another  for  a long  period,  or  only  the  response  for  a short  period  around  some 
event  such  as  a slam.  Examples  of  records  are  presented  in  later  sections. 

2.  Filtering  and  Digitizing 

Most  large-magnitude  stress  records,  especially  those  associated  with 
slamming  and  similar  dynamic  events,  can  be  separated  into  two  components:  wave- 

induced,  and  first-mode  two-noded  vibrations  ("whipping,"  or  "springing").  Each 
component  is  characterized  by  its  frequency.  The  first-mode  frequency  of  the  McLEAN 
at  normal  operating  load  is  0.80  Hz,  while  wave-induced  components  are  lower  in 
frequency  (i.e.,  longer  in  period).  Separation  of  these  components  is  accomplished 
by  passing  the  electrical  signal  representing  the  stress  level  or  sensor  output 
through  electronic  filters  adjusted  for  the  appropriate  bandpass  frequencies  (see 
Figure  8).  The  resulting  filtered  signal  (or  the  original  combined  signal)  may  then 
be  reproduced  on  an  oscillograph  to  produce  a time  history,  or  it  may  be  digitized 
in  order  to  change  its  format  for  further  processing. 

Certain  channels  are  selected  for  digitizing  and  further  processing 
into  library  tapes.  The  details  of  this  process  are  presented  in  Reference  4.  In 
this  step  the  logbook  record  is  collated  with  the  corresponding  stress  or  motion 
data.  In  addition  to  a digitized  data  record,  this  operation  also  computes  numbers 
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characterizing  each  data  interval,  such  as  the  maximum  peak-to-trough,  root-mean- 
square  (RMS),  and  number  of  cycles.  Some  of  these  data  have  been  used  further  in 
various  analyses  described  below. 

The  library  tapes  (see  Figure  7)  can  be  summarized  further  by  deletion 
of  the  complete  digitized  record.  This  summary  tape  can  provide  a computer-generated 
tabulation  of  environmental  and  characteristic  data.  Examples  of  these  data  are  pro- 
vided as  a separate  Appendix  to  this  report.  The  summary  tape  also  provides  tne  data 
base  for  the  parametric  studies  discussed  below.  Header  block  and  data  summary  block 
formats  for  sumnary  tapes  are  given  in  Tables  IV  and  V,  respectively.  It  should  be 
noted  that  sunriary  tapes  do  not  contain  data  on  which  to  base  spectra,  nor,  as  pres- 
ently structured,  do  they  contain  computed  values  for  the  original  waveform.  Values 
reported  are  only  for  the  wave-induced  (maximum,  RMS)  and  first-mode  (maximum  only) 
components. 

A general  summary  of  the  SL-7  data  formats  currently  available  is  pre- 
sented in  Table  VI . 

IV.  RESULTS 

A.  Environmental  Conditions 

Environmental  conditions  experienced  during  the  third  season  data  acquisi- 
tion were  generally  milder  than  those  encountered  in  previous  seasons  and  were,  on 
average,  lower  than  an  average  year  at  mid-Atlantic.  Figure  9 presents  a comparison 
of  average  Beaufort  Numbers  for  the  mid-North  Atlantic  and  those  observed  for  the 
Third  Season.  Note  that  the  average  and  observed  frequency  of  occurrence  for  Beau- 
fort Numbers  5,  6,  and  7 are  almost  the  same.  The  observed  frequency  is  lower  than 
the  average  for  higher  Beaufort  Numbers  and  higher  than  the  average  for  the  lower 
Beaufort  Numbers. 

B.  Hatch  Corner  Stresses 

The  highest  stresses  observed  during  the  Third  Season,  and,  in  fact,  the 
highest  stress  ever  recorded  aboard  an  SL-7,  were  at  the  forward  hatch  corner. 

? Figure  lOA,  B,  C presents  data  from  these  gages,  FyA,  FyB,  and  FyC  respectively, 

as  a function  of  Beaufort  Number  and  relative  wave  direction  (RWD).  Note  that  the 
highest  stresses  were  at  the  FyB  location  and  that  the  highest  stresses  occurred 
in  following  and  beam  sea  direction  for  the  higher  Beaufort  Numbers  and  in  head 
seas  for  the  lowest  Beaufort  Number. 

It  was  also  characteristic  of  these  stresses  that  their  magnitude  was 
high  even  for  relatively  low  wave  heights.  Figure  11  presents  a composite  of  si- 
multaneous signals  from  Recorder  No.  1 and  No.  2 showing  some  of  these  relation- 
ships. The  frequency,  location  of  maxima,  and  general  envelope  of  amplitudes  show 
a high  degree  of  correlations  between  the  TSM,  Roll  and  FyB  signals.  A probable 
explanation  lies  in  the  link  between  ship's  roll  which  produces  torsional  loading 
thus  imposing  high  hatch  corner  stresses.  Such  high  stresses  were  previously 
noted  during  the  calibration  event  (see  Reference  4)  when  the  vessel  was  loaded 
statically  with  a torsional  load.  The  highest  stress  measured  at  that  time  was 
10.2  Ksi  at  the  hatch  corner  just  forward  of  the  aft  house.  No  gages  were  located 
at  the  forward  hatch  during  calibration  or  during  the  first  two  data  acquisition 
seasons. 
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In  order  to  explore  the  relationship  observed  between  TSM  and  FyB,  i-igore. 
12A  and  12B  were  prepared.  These  clearly  indicate  the  linear  relationship  between 
TSM  and  FyB,  and  also  indicate  the  presence  of  another  factor  inherently  different 
in  eastbound  and  westbound  voyages.  This  factor  is  probably  the  relative  wave  di- 
rection, since  with  prevailing  winds  generally  from  the  west,  an  east-bound  crossing 
would  have  a preponderance  of  following  seas  and,  conversely,  a west-bound  crossing 
would  have  a preponderance  of  head  seas. 

Table  VII  is  a listing  of  four  maximum  recorded  stress  conditions  that 
occurred  during  the  past  season.  It  should  be  noted  that  the  highest  rim  stress 
occurs  while  the  ship  is  rolling.  Rim  gages  at  FR  290  (Fy  gage)  exhibit  the  largest 
stress  during  a rolling  condition  while  the  gages  at  FR  144  (Sy  gage)  are  about  half 

that  stress.  At  FR  258  (FI  gage)  the  stress  is  about  half  of  that  at  the  S gages. 

«/  y 

In  head  seas  the  stress  is  about  equal  at  each  of  the  three  hatch  loca- 
tions. All  stress  values  given  are  maximum  peak-to-trough  for  each  thirty-minute 
period  recorded. 

Figure  13  presents  expanded  time-history  data  for  a rolling  condition, 
and  Figure  14  is  the  same  for  a head  sea  condition.  Logbook  data  for  both  condi- 
tions are  listed  in  Table  VIII.  Also  included  are  time  histories  from  Recorder  No. 

1 for  each  condition.  Note  that  the  highest  hatch  corner  stress  occurs  at  the  same 
time  that  longitudinal  horizontal  bending  stress  and  torsional  shearing  stress  are 
high  under  both  conditions.  It  appears  that  horizontal  bending  and  torsion  con- 
tribute more  to  the  increased  stress  in  the  hatch  corner  than  do  vertical  bending 
or  ship  slamming.  (Due  to  the  nature  of  the  horizontal  bending  transducer,  some 
torsion-induced  stress  is  sensed  by  it.) 

Table  IX  lists  the  apparent  maximum  peak-to-trough  stress  recorded  from 
each  element  of  the  rosettes  and  each  rim  gage  at  the  same  time.  Expanded  records 
are  also  included  in  Figures  13  and  14. 

Included  in  Table  V is  a calculated  principal  stress  based  on  the  peak- 
to-trough  data.  This  table  gives  the  stress  in  the  original  orthagonal  directions, 
the  principal  stress  magnitude  and  its  angle  with  the  "A"  element.  These  calcu- 
lated values  are  not  strictly  valid  in  this  case  as  they  are  peak-to-trough  and  do 
not  include  the  still -water  stress  component.  In  each  case,  the  time-history  of 
the  highest  strain  level  element  of  the  rosette  was  scanned  visually,  and  the  one 
highest  stress  instant  determined.  Then,  the  strains  in  all  three  elements  occur- 
ring at  that  instant  were  scaled  and  recorded. 

C.  BowSi deshell  Stresses 


As  can  be  seen  in  the  sets  of  analog  traces  given  in  Figure  15,  the  bow 
sideshell  stress  traces  are  characterized  by  unidirectional  spikes  without  any 
prior  buildup  or  other  significant  warning. 

The  highest  stresses  recorded  during  the  Third  Season  occurred  on  Voyage 
61  westbound.  Maximum  values  have  been  scaled  and  tabulated  from  oscillograph 
records  from  18  intervals.  Logbook  data  for  these  are  listed  in  Appendix  A,  pages 
52  and  53.  Stress  data  are  presented  in  Table  X.  All  stresses  are  measured  peak- 
to-trough,  The  highest  recorded  stress,  6,000  psi,  was  noted  twice  on  Gage  B-5 
and  once  on  Gage  C-2.  Expanded  time-histories  of  the  analog  signals  of  Interval 
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31A,  B,  C are  included  in  Figure  15.  The  longitudinal  vertical  bending  signal  is  un 
each  sheet  for  cross-referencing  purposes.  Horizontal  bending,  roll,  and  pitcii  -sig- 
nals are  included  from  Recorder  No.  1.  The  measured  value  of  highest  stress  on  tt.e 
bow  plate  occurred  during  the  highest  vertical  bending  stress  and  a simultaneous 
high  pitch  excursion.  The  bow  plates  exhibit  a very  low  stress  profile  from  ship 
motion.  All  increased  stress  is  an  impact  type  occurring  when  the  ship  pitches  cown 
and  the  bow  is  subjected  to  head  seas.  Beam,  quartering,  or  following  seas  have  no 
effect  on  increased  bow  stress  regardless  of  ship  speed.  It  should  be  noted  again 
that  during  the  past  recording  season,  the  ship  did  not  encounter  the  extremes  of 
weather  and  sea  conditions  due  to  the  change  to  a more  southerly  crossing  and  re- 
duced speed. 

D.  Wave  Height  Measurements 

The  outputs  of  two  independent  wave  measuring  systems  were  recorded  along 
with  the  stress  and  motion  data.  (See  Figure  16.) 

The  Tucker  wave  meter  output  already  has  been  corrected  for  ship  vertical 
movement  at  the  pressure  ports  by  accelerometers  intrinsic  to  the  Tucker  system. 
Further  correction  is,  nevertheless,  necessary  since  the  system  is  designed  for 
quasi-static  use  (i.e.,  ship's  speed  effects  are  not  accounted  for).  See  Reference 

2. 


The  Ocean  Wave  Height  Radar  output  is  proportional  to  the  slant  range  from 
the  fixed  (relative  to  the  ship)  transmit/receive  antenna  to  the  wave  surface.  All 
ship's  motions  influence  this  measurement  and  it,  therefore,  must  be  corrected  before 
the  true  wave  height  can  be  obtained.  This  manipulation  is  part  of  another  SL-7 
effort  (SR-221).  Note  the  flat  area  in  the  OWHR  trace.  This  is  a result  of  loss  of 
"lock"  in  the  radar  system  and  results  in  difficulties  when  an  automated  data  reduc- 
tion process  involving  integration  is  attempted. 

Note  also  that  the  two  wave  measuring  systems  are  located  at  different 
points  on  the  vessel  and  "see"  different  wave  systems. 

E . Longitudinal  Vertical  Bending  Stress 

As  the  single  most  important  structural  parameter  for  ship  design,  the  LVB 
was  given  special  attention  in  the  process  of  data  reduction. 

The  process  outlined  in  Figure  7 and  8 was  used  to  digitize  all  Third  Sea- 
son LVB  data.  The  listing  resulting  from  the  TAB  program  is  contained  in  Appendix  A. 
In  addition  to  listing  the  various  values  of  the  first-mode  and  wave-induced 
stresses,  the  listing  also  presents  all  environmental  conditions  for  each  Third  Sea- 
son interval. 

Appendix  B contains  the  results  of  the  parametric  studies  program,  SPLOT. 
Contained  in  the  plots  are  graphs  of  the  wave-induced  bending  stresses  for  each 
Beaufort  Number.  Within  each  Beaufort  Number,  the  given  parameter  is  sorted  into 
one  of  five  groups  of  relative  wave  direction  or  ship  speed.  The  plotted  point  is 
then  the  mean,  RMS,  or  mean  of  the  1/3  highest  values  of  the  sorted  parameter  data 
set.  The  parameter  can  he  either  the  maximum  or  RMS  peak-to-trough  wave-induced 
stress  within  each  interval.  The  summary  tables  in  this  Appendix  contain,  in  addi- 
‘ tion,  the  number  of  points  in  each  parameter  data  set  and  the  standard  devatior  of 

I the  set. 
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Since  these  values  are  based  on  the  data  contained  on  the  summary  tape  in 
accordance  with  the  format  described  in  Reference  S,  no  value  relating  to  the  maximum 
value  of  the  original  unfiltered  signal  is  available.  A program  has  been  developed 
titled  MAX  which  processes  the  compacted  library  tape  and  computes  the  difference 
between  the  largest  positive  and  most  negative  value.  The  results  of  this  program 
are  listed  in  Appendix  C.  The  designation  of  the  interval  is  identical  to  that  for 
the  Appendix  A listing. 

A further  processing  of  LVB  stresses  by  the  SPLOT  program  has  been  made 
using  the  digitized  results  from  all  three  seasons.  For  LVB  this  encompasses  over 
5000  data  interval  points  for»  each  RMS  or  maximum  peak-to-trough  wave-induced  stress. 
Note  that  in  the  case  of  a sort  by  relative  wave  direction,  all  curves  lie  very  close 
together  except  for  the  higher  Beaufort  Numbers  where  there  is  a scarcity  of  data 
points.  This  is  to  be  expected  since  only  the  wave-induced  stress  component  is 
plotted  and,  if  Beaufort  Number  is  considered  a reasonable  measure  of  wave  height 
(assuming  a fully-developed  sea)  then  the  relative  wave  direction  should  have  little 
or  no  influence  on  the  wave-induced  stress  component. 
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Figure  11.  SAMPLE  ANALOG  TRACES  FOR  ONE  INSTANT  OF  SHIP  RESPONSE 
TO  QUARTERING  SEA  WITH  3-5  FOOT  WAVES  AND  SWELLS. 
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SAMPLE  ANALOG  TRACES  FOR  HIGH 
HATCH  CORNER  STRESS-QUARTERING  SEAS 
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SAMPLE  ANALOG  TRACES  FOR  HIGH  HATCH 
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SAMPLE  ANALOG  TRACES  FOR  HIGH 
SIDESHELL  STRESSES-A  MODE 
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SAMPLE  ANALOG  TRACES  FOR  HIGH 
SIDESHELL  STRESSES-B  MODE 
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SAMPLE  ANALOG  TRACES  FOR  HIGH 
SIDESHELL  STRESSES-C  MODE 
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LISTING  OF  ENVIRONMENTAL  CONDITIONS  AND 
LONGITUDINAL  VERTICAL  BENDING  STRESS  FOR 
EACH  DIGITIZED  THIRD  SEASON  INTERVAL 


This  appendix  is  a result  of  the  TAB  program,  a part  of  the  process  of  preparing 
digital  library  tapes.  The  column  headings  and  listing  are  generally  self-explanatory. 
Note,  however,  that  all  the  azimuths  are  measured  in  degrees  and  relative  directions 
are  measured  with  zero  as  the  vessel  heading.  The  column  labeled  "Sea  State"  lists 
the  Beaufort  Number  observation.  Note  also  that  the  stresses  listed  refer  only  to 
the  wave-induced  or  first  mode  components. 

The  listing,  as  used  here,  serves  two  purposes;  first  to  list  the  various  com- 
binations of  environmental  conditions  encountered  and  second  to  list  the  various  LVB 
stress  levels  generated  by  these  conditions.  It  is  expected  that  the  listing  will  be 
used  to  locate  specific  intervals  of  interest  for  further  data  reduction  by  investi- 
gators. 
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APPENDIX  B 


PARAMETRIC  STUDIES 


This  appendix  contains  the  plots  and  tabulated  summaries  resulting  from  the 
parametric  studies  program  "SPLOT."  Each  plot  presents  either  a five-curve  family 
of  various  ship  speeds  or  a five-curve  family  of  relative  wave  direction  groups  for 
a transducer  output  vs.  Beaufort  Number.  Within  each  Beaufort  Number  the  magnitude 
of  a particular  point  is  determined  by  calculating  the  mean  of  the  data  set  or  the 
mean  of  the  one-third  highest  values  within  the  data  set.  A superscribed  note  on 
each  plot  designates  which  value  is  applicable.  The  key  on  each  plot  also  indicates 
which  type  (Ship  Speed  or  Relative  Wave  Direction)  is  presented. 

The  measured  data  set  is  composed  of  the  maximum  wave-induced  peak-to-trough 
value  within  each  30-minute  data  interval,  or  the  RMS  value  determined  for  that 
interval.  The  graph  title  notes  which  characterization  is  applicable. 

In  addition  to  the  Third  Season  Longitudinal  Vertical  Bending  (LBV)  signal, 
some  parametric  studies  were  run  using  data  compiled  from  all  three  data  acquisi- 
tion seasons. 

Each  tabulated  summary  presents  a listing  of  all  plotted  points  along  with  the 
number  of  data  points  along  with  the  number  of  data  points  comprising  each  plotted 
mean  point  and  its  standard  deviation. 

Table  B provides  an  index  for  all  parametric  plots  and  summaries. 
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LISTING  OF  OVERALL  MAXIMUM  PEAK-TO-PEAK 
LONGITUDINAL  VERTICAL  BENDING  STRESSES 


This  appendix  contains  a listing  of  maximum  peak-to-peak  longitudinal  vertical 
bending  stress  for  each  digitized  interval.  The  peak-to-peak  value  is  calculatea 
by  subtracting  the  maximum  negative  excursion  from  the  maximum  positive  excursion. 
Since  these  maxima  are  not  necessarily  consecutive,  their  value  does  not,  in  gen- 
eral, correspond  to  the  definition  of  the  maximum  peak-to-trough  value.  A drift  in 
the  average  value  (e.g.,  diurnal  variations)  during  the  interval  may  be  reflected 
in  an  increased  peak-to-peak  value.  Each  maximum  applies  only  to  the  20-minute  seg- 
ment in  each  interval  characterized  by  the  digital  record.  The  interval  designation 
is  identical  to  that  used  in  Appendix  A. 
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One  of  the  class  of  eight  SL-7  high  speed  containerships 
has  been  extensively  instrumented  with  stress,  strain  and  motion 
sensors.  These  have  been  modified  for  the  Third  Season  of  data 
acquisition  to  emphasize  measurement  of  hatch  corner  and  bow 
sideshell  strains.  Much  of  the  previous  instrumentation  inven- 
tory, including  a wave  height  radar  and  Tucker  wave  meter,  has 
also  been  employed  in  the  Third  Season.  This  report  contains  a 
summary  of  the  recorded  data,  examples  of  the  analog  records, 
a catalog  of  the  data  formats  and  a listing  of  the  available 
data  intervals.  Some  analysis  of  the  data  is  also  reported 
including  midship  bending  stresses  encompassing  all  three  data 
seasons. 

Data  collection  for  the  third  season  began  with  the  west- 
bound North  Atlantic  voyage  59  on  January  17,  1975  and  terminated 
with  westbound  voyage  61  on  March  17,  1975. 
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